
� �������	�
��� ��
��������
��� � ��� ��������  !�
��
	"#�	$%
�& '(�)��$%�

*,+�-/.10�2305476
898;:=<>6@?A:CBEDF6@G

H�IKJMLONQPSRTL

UWVAX>Y[Z]\_^F`@aTbca�XedEfgX%h;ikj�XMlcm]VSnTo]pMqsrtrkX%pemuX%v1n�vwnxmyn�ounxj�fSrkX�X%z|{Si~}TnxrtX%lcm�muq��s���s�����������]�	�
vSX%p%n���o�nQm�h;XMo�m�vS{Sh;iklS��i~muo��T�s�c��fSVc�Eo�itpMo�h;{Sl_��UWVSXMo;X�vwnQmyn�nTh�X�nTlSnTrk���%XMv�}�i�n�n��SrkitlSv�nTlwnTr~�Eo�ito
� ikmuV�n�muXMpyVSlSitz|{SX>pOnTrkrtX%v�muVSX>�cY#ik��{Ah;pOnQmuitqTl��1XemuVSq�vS�S� itl�qTh;vSXMh]muq¡qs�Amynxitl�nxl	{Sl|�Si�nTo�X%v	�wnxpy¢c^
�sh;qs{AlSv�XMo�muikj¡nQmuX£itl1m;VSX>o�it�slSnTrC� qOd���qsh�muVSX)hunTh�X)¢QnTqsl�� �¥¤ ¦C�¨§=©§ �ªUWVSX)m;qTmynxr«�SnTpy¢|�sh;qs{AlSv
rtXM}TX%r � nTo¬X%o�m;itj�nxmuXMv�muq­� X�nT�gqs{Am��A�¯®s�)°±�E���c��Xe}sX%lcm;o%�³²�lSX�pOnxlSvSitvSnxmuX�Xe}sX%lcm¡ito�qs�So�X%h´}sX%v_�
�sik}�itlA��nxl�{SfSfgX%h]rtitj¬ikm3��qsh�muVSX)�ShunTlApyVSitlS��hunxm;itq¬µ�¶��	� ¤ ¦ � §=©§w·ª¸º¹ ���T»�������¼w��½�¶�as�c¾�¿[\ · �
¿#qsj��SiklSitlS� � ikmuV­muVAX¬qxmuVSXMh�m � q�pOnTlAvSitvwnQmuX�XM}TX%lcmuo£qs�So�X%h�}TX%vÀ�c��m;VSX¬Y[Z�\_^9`3� ¹ ��XedEf XMh;ikj�XMl|m
�sik}TX%o
muVSXª�Sh;nTlSpyVSiklS�)h;nxmuikq�¶´�s�Áb|� � �9Â Ã9½¼�½;Â Ä9Å · ����� ¼w��½ � � VAitpyV¡iko@p%qslSo�ito´muX%lcm � ikm;V¬m;VSX]Æ�mynTlAvwnTh;v��1q�vSX%rfSh;XMvSitpemuitqTlÇqT�È¶É�A��� ¹ °Ê�A�~�Ë� · �7�O� ¼w��½ �
nTlAvÇmuV|{So>o;XMm;o�n�rtitj¬ikm�qT���A�¯�s�c�xb ¸ÍÌÏÎSÐÒÑcÌK¸ �E���s®s�s�ÓqTl
muVSX)¿[nT�Sik�S�gqx^FÔ�qs�wnO�snTo;VSiÒ^´��nxo;¢Qn � n�j�nxmuh�i~d¡X%rtXMj�XMlcm ÎSÐÒÑ �



� � 
��
�
���	�	"W�
$%�¬

UWVSX�Æ|mynTlSvSnTh;v¡�1q�vSX%r=¶ ÆA� · VSnTo@o;q)��nxh � X%rkrwXedEfSrtnTitlSXMv¡nxrtj¬qso�m@qT� nTrtrEmuVSX�XedEfgX%h�itj¬X%lcmynTr h�X%o;{Arkmuo
itl¥fwnTh�m;itpMrtX�fSVc��o;ikp%o%����X%o�fSikm;X�muVSiko)o�{Sp%pMX%o;oM��muVSXMh;X¡nTh;X¬o�m;itrtrKo;qsj¬X�X dEf XMh;itj¬X%lcmunTr@qs�So;XMh�}xnxm;itqslSo
� VSitpyV�muVAXÈÆS�ÍpOnTlAlSqTmªnTpMp%qs{SlcmW��qshM�
UWVSX�j�nxm;m;X%hWnTlAvÓnTlcmuitj�nxm�muX%h#nTo���j¬j�Xemuh´�¡iko[qslSX�qT�Cm;VSX%o�X
XedEp%XMfAmuikqslSo%�Q��qshCXedAnTj¬fSrtXx�Qm;VSX p%qso�j�qsrkqs�sikpOnTrx�wnTh��Tqsl�nxo���j�j¬XMm;h��Èikl£qT{Sh={AlSik}TX%h;o�X�� �	� ��
�pMp%qsh�vSitlA�
muq7ÆAnT¢|VwnTh�qË}��Á�
�É�#qslSX�qT�]lSX%pMX%o�ounTh´�ÊpMqslSvSi~muitqTl,m;q­�sX%lSXMhunxm;X1o�{SpyV³nTl nTo´�Ej¬j¬XMmuh´��ito�m;Vwnxm�muVSX
X%rtXMj�XMlcmynTh´��ikl|m;X%h;nTpMm;itqsl�}�ikqsr�nxm;X%o]pyVwnTh;�TX�p%qsl���{S�cnxm;itqsl�o´��j�j¬XMm;h��,¶É¿ · nTlSv�m;VSX�p%qTj��SitlAX%v­¿��
o���j�j¬XMm;h�� ¶ � VSXMh;X��/ito�fSnTh;i~m9�7o´�Ej¬j¬XMmuh´� · ���]q � XM}sXMh%�@muVSX�o´muh�X%lS�Tm;V�qT�]nTo���j¬j�Xemuh´�7p%nTlSlSqTm
� XÈvSXMh;ik}TX%v1�|�Óm;VSXÈj�q�vSX%r¨p%nTrtpM{Sr�nQmuitqTlSo[�wnTo�X%v1qsl1m;VSX)ÆS���Ï®�� ��� VSXMm;VSX%h]qsh�lSqTm�muVAX%h;X)nTh�X£lAX �
o;qs{Sh�p%XMo#qT�«¿��7}�ikqsr�nxm;itqsl�Vwnxo3�gX%XMl�o;X%nTh;pyVSXMv¡��qsh j¡nxl|���TXOnTh�o#ikl�fwnxh�muikp%rkXªfAV|��o�itp%o3XedEfgX%h;ikj�XMlcmuo%��9l­m;VSito�fSnTf XMh%� � X � ikrtr=vSXMmunTitr«muVSX¬nTlwnxrk��o;iko�qT�#Y[Z�\_^F`@aTbsa�XedEf XMh;ikj�XMl|m%� � VSitpyVÇnTh;X�j¬qso´murk�1itl
p%qsj¬j�qTl � ikmuV�Y[Z]\_^F` � ¹ ��XedEfgX%h�itj¬X%lcmO�

UWVAito�fSnTf XMh�ito]nTh�hunTlS�TX%v­nToª��qsrtrkq � iklS�S���ÇX � itrkr��wh;o´m�h;Xe}EikX � ¿��³}Eikqsr�nQmuitqTl1nxlSv�hunxh;X>¢QnTqTl
vSX%p%n���oM��
]lSv­muVSXMl � X � itrtr=vSX%o�p%h�it�gX�m;VSX�o;qT{Sh;pMX%o£qT�#�SnTpy¢|�sh;qs{AlSv7nxlSv­VSq � � X¬p%nTl¥o;{SfSfAh;X%o�o
muVSX��wnxpy¢��Th;qs{SlAv�ikl�vSX%o�it�slAitlS�>m;VSX�¢QnTqsl��gXOnTj¬rtiklSXT�|muVAX�vSXMm;X%pMm;qsh�nTlSv�m;VSX�o;XMrtXMpMmuikqsl�p%h�ikm;X%h;itn>itl
vwnxmyn�nTlwnTr~�Eo�itoM���ÇX � itrkr|vSX%o�p%it�gXWqs{Sh={SlSikz�{AX[j�XemuVSq�vSo=itl�XMo�muikj¡nQmuitlA�ªm;VSX[�wnTpy¢|�sh�qs{SlSv�rkXM}sXMrSnTlAv
itl�Xe}Tnxrt{wnxm;itlS�)muVSXÈnTpMp%XMfAmynTlAp%XT��
]� m;X%h[qTf XMlSitlS��m;VSX�o;ik�slwnTrg�gq�d � � X � itrkr fSh�X%o�l|mªqs{Ah[j�XemuVSq�v�itl
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Downstream view of BWPC1

X (cm)

Y
 (

cm
)

V-plane U-plane

X-plane

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150

Downstream view of BWPC2
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p%qslSo�ito´muo qT�¨®ÈfSr�nxlSX%o qT� o�X%lSo�X � ith�X%oM��rtnT�gX%rtXMv �£� F nxlSv��>��UWVAX]vSikh;XMpMmuikqsl¬qT�_m;VSX]o�X%lSo�X � ikh;X%o itl
muVSX��]^ fSr�nxlSX@ito }sXMh�m;itpOnxrEnxlSv£m;VSX ��^_nTlSv&F]^ fSr�nTlAX%o«nTh;X nxmK°�b L��emuq�muVSX@}sXMh�m;itpOnxrcfSr�nTlAXT�«UWVSX3o�X%lSo�X
� ith;XMo#nxh;Xªj¡nTvAXªqx�¨�sqsrkvE^9fSrtnxmuXMv�mu{SlA�so�m;X%l � i~muV��E���A���Èj¬j vSitnTj�XemuXMh%��UWVSX]Y�� � ¿���Vwnxo[�s���A»s�
nTlSv�»T�¡h;X%nTvSqs{Am]pyVwnTlAlSX%rko���qsh�muVSX��]^y� ��^[nTlSv F]^9fAr�nTlSXMo%�gh;XMo;fgX%pMm;ik}TX%rk�T� � i~muV	n¡�E� LQb¡j¬j � ith;X
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o;fwnTpMitlS�A�>UWVSX�o;fSnTp%itnTr�h;XMo;qsrk{Amuikqsl	ito��T� Lxb�j¬j��¨nTlSv	muVAX�nTpMm;ik}sX¬nTh�XOn�iko��Ë� ¹ j¬j ¶�VAqsh;ik�%qslcmynxr ·
�|��LT�A� ¹ j¬j ¶�}sXMh�m;itpOnxr · �1UWVSX�p%nxmuVSq�vSX¡��qTitrto)nTh�X��A�¯�c� LË^ j�jÍm;VSitpy¢ÇnTrk{Sj�iklSit�MX%v¥j>��r�nTh£p%qsnxmuXMv
� ikmuV�p%nTh;�gqsl �¥UWVSXÓnTlAqEvSX ^9p%nxmuVSq�vSX�vAito�munTlSpMX�ito�®A�~�Ë� L�j¬j��
nTlSv�muVAX�muqTmunTr m;VSitpy¢|lSXMo;o¬qT��muVSX
Y�� � ¿���ito)nTfSfSh�qOdAikj¡nQmuX%r~� LT»1j¬j���UWVSX�Y�� � ¿���ikot�wrkrtX%v � ikm;VÀn�j¬i~d�m;{Sh;X¬qT�ª¿��Kb�¶ ¹ �c¾ ·
nTlSv �9o;qT�S{AmynxlSX�¶ �x�c¾ · �
UWVSX�o�X%p%qTlSvÓpyVwnTj��gX%hÈ¶�Y�� � ¿W� · ito3rtq�pOnxm;X%v�nQmWas��pMj vSq � lSo´muh�XOnTj qx�
muVSX)Y�� � ¿���nTlSv�p%qslSo�ito´muo�qx�KmuVAh;X%X)fSr�nxlSX%o>¶ �£�
F nTlSv � · � UWVSX>vSith�X%pMm;itqsl�qT�=muVSX)o;X%lAo;X � ikh;X%o
itl�muVAX �ª^9fSrtnTlSX�iko[}sX%h´muikpOnTrÉ�wnTlSvÓmuVSX �/nTlAv�F/o�X%lSo�X � ikh;X%oªnTh�X£nxm]°£»T� �|muq�muVSX�}sXMh�m;itpOnxr¨fSr�nTlAXT�
` nxpyVÀfSr�nxlSX�VSnTo��Qb�h;X%nTvSqs{Em�pyVwnTlAlSX%rko � ikm;VÀn��E�¯bs�Q^9j¬j � ikh;X¡o�fwnTpMitlS�1itl­muVSX�p%X%lcm;hunTr h;XM�sitqsl
¶sLs�E�¯»�j�j · nTlAv ¹ pyVwnTlAlSX%rko � i~muV�n�bS� ¹ �Q^9j¬j � ikh;X ^9o;fSnTp%iklS�Èitl�muVSX�fgX%h�itfSVSXMhunTrAh;X%�Titqsl1¶´�OaA� ��j¬j
qsl	XOnTpyV	XMlSv · �£UWVAX�pOnxm;VSqEvAX>��qsitrko�nTh�X��A�¯�s� ¹ ^9j¬j o�itlS�TrtXe^ o;ikvSX>nxrt{Sj¬itlSik�%XMv�j>��r�nxh]pMqcnxmuXMv � ikmuV
pOnTh�� qsl_�WUWVSX�nTlAqEvSX ^9p%nxmuVSq�vSX£vSito´mynTlAp%X£ito£�s� L ¹ � L�j�j��[UWVSX>Y�� � ¿W��itoC�wrtrkX%v � ikm;V1muVAX)o;nTj�X
�cnTo�nToªY�� � ¿��s���q � lSo´muh�XOnTj qT�[m;VSX�Y�� � ¿#o%�
pe��rtitlAvSh;ikpOnTr@vSXM�shunTvAX%h;o�nTh;X¬rtq�pOnxm;X%v7��qTh)o�rtq � itlS�1vSq � lÀmuVSX
¢xnxqslSoCo;q�muVwnQm¨muVSXe�Èp%qsj¬X
muq�h;XMo�m=itl�muVSX
munTh;�sXemO�«UWVSX vSX%�sh;nTvSXMh;oCVwnO}sX itlwnxpMmui~}sX nTlSv)nTpemuik}TX@fwnTh�m;o%�
UWVSX[{SfSo´muh�XOnTj±itlwnxpMmui~}sX vSX%�ThunTvSXMh�ito=j¡nxvSX3qx�C�s�s�s�~�M^9j¬j rkqslS���gX%h´��rtrtik{Sj qOdEitvSX�¶ÉY#XO² · nTlSv�bA� �T»
j�j \¨{SpMikm;XT�KUWVAX m;qTmynTrcm;VSitpy¢|lSXMo;oKikoKnxfSfSh;qTfSh;itnxmuX
��qshCo�m;qsfSfSiklS��¢QnTqTlSo � i~muV)n]j¬qsj¬X%lcmu{Sj qT�g�E���
�1X F �! �ÈY3X�²�� � i~muV�VAit�sV�vAX%lSo�ikm9�	nxlSv�rtq � nxm;qsj¬itp£l�{Aj�� XMh%� j¬itlAitj¬it�%XMoWj�{Sr~muitfArtXÈo;p%nxm;m;X%h;iklS�S�
UWVSX[vSq � lSo´muh;X%nTj nTpMm;ik}sX3vSX%�ThunTvSXMh�¶n
F� · pMqslSo�ito�m;o�qT�wbs��r�nO�sXMh;o�qx�g�]j¬j muVSikpy¢)o�p%itlcm;itrtrtnxmuqTh vSito�¢|o
¶�itl7��®sa¡j¬j(vAi�nTj¬XMm;X%h · nTr~muX%h�lwnxm;itlS� � ikmuV¥��^9j¬j m;VSitpy¢�p%qTfSf XMh�vSito�¢|o�¶�iklÀ��®s»�j¬j vSi�nTj¬XMm;X%h · �
UWVSX~
F� itoªo;fSrkikm]itlcmuq1�Ë��nT�Mitj�{EmuVwnTrCo�X%�sj¬X%lcmuoM�¨nTlSv1muVSX)o;p%iklcmuitrkr�nxm;itqsl�rkit�sVcm;o]ikl�XOnxpyV	o;X%�Tj�XMl|m
nTh;X o;XMl|mKmuq�nªo;itlA�srtX�� �1U�muVSh�qs{S�sV��Ob � nO}sXWrtXMlS�Tm;V>o;VAik� muiklS�>¶ ��\«Æ · �S� XMh;o%�KUWVSX�� �1U,qs{Am;fS{Amuo
nTh;XW��X%v¬muq£UC�È¿#o#nxlSv�¿W¿���oM�
UWVSXªo;it�TlwnTrto���h�qsj bt� �1UWo[nTh�X]j>{Srkm;itfSrkXedEX%v�nTlAv���X%v�muq)nÈo;itlA�srtX
nTlwnTrkqs�x^ m;qx^9vAit�si~mynTrQp%qslc}TX%h�m;X%hª¶ 
3�È¿ · � �]o�itlS�ªmuVSikoKitlE��qsh;j�nxmuikqsl ��muVAX�
3� Vwnxo�nT�Sikrti~muitXMo¨muq�ikvSX%lcmui~� �
muVSXÈ�gXOnTj fSnTh�m;itp%rkX%oWnxlSv�m;q�vSXMm;X%pMmªmuVAX)nxpMmui~}�ikmuikX%o[pMqsitlAp%itvAX%lcm � ikm;V1¢QnTqslÓvSXMpOnO��o%�
ª� muXMh�fwnTo�o;itlA��muVSh�qs{S�sV7m;VSX�vSXM�shunTvAX%h;oM� ��{So�m�itl7��h�qslcm�qT�WmuVAX�mynTh��sXMm%�
n�� X%nTj VSqEvAqso;pMqsf X
¶ÉY#b �]q�vSqso�p%qsfgX · vSXemuX%pemuo¬muVSX�itlSpMqsj¬itlS�	fwnxh�muikp%rkXÓnTlSv itvSXMl|m;i �wXMo¬m;VSX�fwnTh�m;itpMrtXÓnTo¬n­¢xnxqsl �c�
j�X%nTo;{Sh�itlS��m;VSX�X%lAX%h;�x�	vSX%fgqso�ikmO�~
�l­X%lSv­}�itX � qT� muVAX�Y#b �]q�vSqso;pMqsfgX�ito�o;VAq � l¥itlK�=it�s{Sh�X ¹ �
UWVSX�Y#b �ªqEvSqTo;p%qTf X�pMqslSo�ito�m;o[qT�¨m � q�fSr�nTlAX%oÈ¶ ��^@nxlSv F]^ fSr�nTlAXT�g�s��a>j¬j vSi�nTj¬XMm;X%h · muq>fSh;q�}�itvSX
f qso�ikm;itqsl£itlA��qTh;j�nxmuikqsl �C`@nTpyV�fSr�nxlSX#Vwnxo[�Ë�]o�p%itlcm;itrtrtnxmuqTh;�SlS�sX%h�o%��UWVAX[p%h�qso;o
o�X%pMm;itqsl�qx�wmuVSX+�SlS�sX%h
VwnTo n£���g^9o;VSnTf XM�S��nTo@o;VSq � l�iklx�=it�s{Sh�X�aA� � VSitpyV�VwnTo n£»A��® LË^9j¬j m;VSitpy¢�j¬itvSvArtX[fwnxh�m3nTlSv¡®A�k��� LË^
j�j muVAitpy¢¥X%vS�sX¡fwnTh�m;o%�	UWVSiko>o�VwnTfgX�j¡nT¢xX%o>m;VSX�Y#b �]q�vSqso;pMqsfgX¡muq	VwnO}TX�lSq	itlSnTpMm;ik}sX�h;XM�sitqsl
nTlSv�m;q>ikj�fSh�q�}sX�muVSX]o;fwnxm;i�nTr h�X%o;qTrt{Am;itqsl �I�9l�XOnxpyVQ�wlS�sXMh%�E®o��\«Æ��w�gX%h�o[nTh�X�X%j>� XMvSvSX%v�nTlSv¡��XMv
muqÓn�o;iklS�srkX � �1U m;Vwnxm�iko�h;X%nTv	qs{Am��|��UC�È¿#o%��
3�È¿#oÈnxlSv¥¿W¿���o%�t
 vSqs{S�ArtXe^ fS{Srko;X~�Sm�muiklS��ito
f XMh���qsh�j�XMv�muqÈmuVAX�o;ik�slwnTrko@h;X%pMqsh;vAX%v�itl�muVAX�¿W¿���o3m;qt�wlAv�n)fSikrtXM{Sf �KUWVAX�muikj�X�vSXe}sX%rkqsfSj¬X%lcm[qx�
muVSX�qT{AmufS{Em�o;ik�slwnTrko�nTh�X~�Sm�muX%v � i~muV	o�itlS�srkXe^#qsh�vAqs{S�SrkXe^9fA{Srto�X�nTo;o�{Sj¬fAmuikqsl �3� �
m;VSX �Sm;m;X%v	fS{Arto;X
ito@j�qTh;Xªrtit¢xX%r~��muq)� X]n)vSqT{S�SrtXªfS{Srko;X�nTlSv�m;VSX]m;itj¬X�qT�_m;VSX�o�X%p%qTlSv�fS{Srko;Xªito p%qsiklSp%ikvSX%lcm � ikmuV¬muVSX
�	�­vAX%pOnO��m;itj¬XT�Am;VSXÈXM}sXMlcm�ikoWh;X)��XMpMm;X%v �

ÔÈnTqTlSo � ikm;V£vAX%pOnO�c^9iklE^ GSit�sVcmO�Ël|{SpMrtXOnxh¨itlcmuXMhunTpemuitqTlSo¨itl�muVAX
vSX%�sh;nTvSXMh«j�nxm;X%h;itnTrto qsh¨o;p%nxm;m;X%h�itlS�so
qs{AmWqT�«�gXOnTj vSq�lSqTm[h;XOnxpyVÓm;VSX�mynxh;�sXemO�6� m�ito#j�X%nTo;{Sh�X%v�m;VwnxmªnT�gqs{Am�®E��a)�¥��� Ã ¢QnTqTlSo[X%lcm;X%hWmuVSX
mynTh��sXMm�fgX%h��gXOnTj o;fSikrtr �

�� �� � ,64 ��7H-
Ô£nxqslSo%�Co�rtq � XMv7vSq � lÇ�|�	m;VSX�vSX%�ThunTvSXMh;oM�KX%lcm;X%hÈmuVSX�o;pMitlcmuikrtrtnxmuiklS� �w�gX%hÈmynxh;�sXemÈrtq�pOnxm;X%v¥itl	muVSX
p%X%lcm;X%h�qT�ªmuVSXÓo;fgX%pemuh�qsj�XemuXMh%�,ÔÈnTqslSo�rkqso;X�XMlSX%h��T�s�3p%qsj¬X�muq­h�X%o�m%�#nxlSv vAX%pOnO��ikl�muVSX�munTh;�sXemO�
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Hit the edges
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light guide
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I−Counter

�Kit�s{Ah;XÈ����TK`@lAv	¶�rkXM� m · nxlSv¡o�itvSX>¶�h�it�sVcm · }�itX � o#qT� muVSX�mynxh;�sXemO��UWVSX�¿W¿�� fS{Srko;X ^9o;VSnTf X]itlA��qTh;j�nQ^
muitqTl¬iko
{So;XMv�m;qo�wlAv�¢QnTqsl�nTlSv¬fSikqsl�p%rt{Ao�muXMh;oM�AnTo@o�VSq � l�itl�muVAXªrkXM� m6�w�T{Sh;X	��m;VSX]rkq � XMh@m � q>fArtqTm;o%�
r�nT�gX%rkX%v¬�|�¬�cn · �)nTlSv��s� · �S��nTh�X�¿W¿�� fS{Arto;XMo3��qsh3n)¢QnTqTl ��nTlSv¡m;VSX]{AfSf XMh3m � q�fSrkqTmuoM��rtnT�gX%rtXMv��c�
�sp · ��nTlSv	�sv · �S�_nTh;X>m;VSqso�X>��qsh�n�fSitqsl_��U � qÓrtn��TX%h�o�qT� »�fSrtnTo�m;itp£o;p%iklcmuitrkr�nxm;qsh;oM� � ^´¿#qs{Slcm;X%h¬¶n�´¿ ·
nTlSv F]^F¿#qs{SlcmuXMh�¶/F]¿ · �wo;{Ah;h;qT{SlSvÓmuVSX�mynxh;�sXemO�
UWVSX¡mynxh;�sXem�p%qslAo;ito´muo�qx�]bA��® LË^ j�j o�z�{SnTh;XÓnTlAv,®A�k�e^9j rtqslA��fSr�nxo�muikp¡o�p%itlcm;itrtrtnxmuiklS� �w�gX%h;o)muVwnxm
nTh;X��A{SlSvSrkX%v�muq���qsh�j!n����Ë^9pMj vSitnTj¬XMmuXMh[pM��rkitlSvSXMh%�6
 l|{Sj>� XMhWqT�«o;j�nTrtrkX%h��w� XMh;o)¶�p%nTrtrkX%v��TX%vS�sX�w� XMh;o�� · nxh;X �wrtrkX%v¥itlÇm;VSX¬�cnTfSo£lSXOnxh)muVAX�qs{EmuX%h£X%vA�sX¡qT�#muVSX�mynTh��sXMm%�Ó`
lSvÀnTlAvÀo;ikvSX¬}�ikX � o>qx�
muVSX¬mynTh��sXMm�nTh;X�o;VSq � l�itl$�Kit�T{Sh;X����A�1`@nTpyV�qT�[m;VSX LE�¯�Q^ j�j �w�gX%h�o�ito£p%qTlSlSX%pemuXMv,m;q�n � �1U��
� VSX%h�XOnTo@muVSX�XMvS�sX��w�gX%h;o nTh�X��sh;qs{Af XMv¬iklcmuq��Ë��nTlSv�XOnxpyV¡�sh�qs{Sf�qT�gmuVSX�X%vA�sX��w� XMh;o@ito@pMqslSlSXMpMmuXMv
muq	n�o�itlS�TrtX �3��U���UWVSX�� �1UWo�nTh�X¡h;X%nTv�qs{Am>�c�$
F�È¿#o%�@UC�È¿#o�nTlSv�¿W¿���o%�­ÔÈnTqslSoM� � VSqso�X
}sX%rkqEpMikm;itX%o#nTh;X�o;j�nTrtrÉ�|m9��fSikpOnTrkrk�¬rtqTo;X�n�rtnTh;�sX�nTj¬qs{Slcm[qT�«XMlSX%h��T�­¶ ��X � muXMlSo]�1X F · itl�X%nTpyV �w� XMh%�
� VSitrkX)fSikqslSo���h;qsj�¢QnTqTl�vSX%p%nO�Eo�rtqso�X�nT�gqs{Am)���1X�F5fgX%hv�S� XMh%�go;itlAp%X)m;VSXM��muh;nO}sX%rKnToªj�iklSitj�{Aj
itqslSik�%iklS��fSnTh�m;itp%rkX%o>¶ ���)�
o · � �KnQm;muXMh;l	h�X%p%qT�slSikm;itqsl1itoªf XMh���qsh�j�XMv�muq �wlSv �w�gX%h�o�muVwnQm��gX%rtqTlS�¡muq
nÓ¢QnTqTl � oÈfwnQmuV¥qsh£nÓfAitqsl � oÈfwnxm;V ��UWVSX�¿W¿�� fS{Srko;X�itlA��qTh;j�nxmuikqsl�ito�{Ao;X%v¥muq��wlSv¥p%rk{So�m;X%h;oÈ��qsh
¢xnxqslSo¡¶�¢QnTqslK�w�gX%h;o · nTlAv7fSikqslSo�¶�fSikqslK�w� XMh;o · � 
 vSqs{S�SrkXe^ fS{Srto�X��Am;muiklS�Óito£f XMh���qsh�j�XMv¥m;q��wlAv
muVSXo�w� XMh � VSXMh;X�n�� �Ç¤ ¦C� vSX%p%n��1}sXMh�muX d	iko]rkqEp%nxmuXMv�nTlSv1muq�XMo�muikj¡nQmuXÈmuVSX)X%lSXMh;�T�1rtqso�o�nTlAv
hunTlS�TX�qT�=m;VSXÈfSitqTl�VAitvSvSXMl1ikl�muVSXÈ¢QnTqsl �w�gX%hM�

UWVAX��wvA{Sp%itnTrÈh;X%�Titqsl qT�)muVSX­mynTh��sXMm�iko�vAX^�wlSXMv �c�³m � q r�nO�sXMh;o�qT��»,fSrtnTo�m;itpe^ o;pMitlcmuikrtr�nQmuitlA�
p%qs{Slcm;X%h;o=muVwnxmKo;{Sh�h;qs{AlSv>muVAX#mynTh��sXMm[¶�o�X%X��=it�s{Sh�X]�O� · �«UWVSX[iklSlSX%h=o;pMitlcmuikrtr�nQmuqsh�o%�ËpOnTrkrtXMvt� ^F¿#qs{SlcmuXMh
¶n�´¿ · �gmynT��pyVwnTh��sX%v­vSXMpOnO��fAh;q�vS{SpMm;o���qsh]n¡muh;ik�s�sXMh]�gXM��qsh�X)m;VSXM�1X%lcmuXMh�muVSX>vSh;i~� m�pyVwnxj�� XMh%��UWVAX�´¿Êito3»A�¯bQ^9j¬j muVSikpy¢�nQmWnTl�itlSlSXMh#h;nTvSit{Ao3qT�«»E���£p%j��AnTlAv�Xed�muXMlSvSoª�xb)p%j vSq � lSo�m;h;X%nTj ��h�qsj5muVSX
{SfSo�m;h;X%nTj ��nTpMX�qT�@muVSX�munTh;�sXemO�>` nxpyVÇo�p%itlcm;itrtrtnxmuqThªiko�itlSo´muh�{Sj�XMlcmuX%v � i~muV­n�� �1U��CnTlSv­ito�h;XOnxv
qs{Am �c�¡nxl 
F�È¿��EnÈUC�È¿ÊnTlAv�ntLT�s�)� �]�ªmuhunxlSo;ikX%lcm#vAit�si~muit�MX%h��SnTo;XMv�qsl G nTo;V 
3�È¿ ¶�UC� · �Á®Tb � �
UWVSX�qs{Am;X%h�o;pMitlcmuikrtrtnxmuqsh�o%�gpOnTrkrtXMv�muVSX Fª^´¿#qs{Slcm;X%h¬¶9F]¿ · � q�}sXMh;r�nxf­m;VSX�vSq � lSo´muh;X%nTjÍXMvS�sX�qT�@muVSX�´¿/�c�	»�j¬j�� nTlSv	o�X%h´}sX�muq�vSXemuXMpMm£fwnTh´muitpMrtXMo]muVSnxmÈvSX%p%nO��vSq � lSo´muh;X%nTjÍqT�@m;VSX �wvS{SpMi�nTr=h;XM�sitqsl
qT�@muVSX�munTh;�sXemO�ÈUWVSX F]¿ ito LË^ j�j�m;VSitpy¢�nTlSv��s�¯as»Q^ j(rkqslS�S�_nTlSv­ito�o´mynT�T�sX%h�X%v � ikm;V	h;X%o�f XMpMmÈmuq
muVSX9�´¿�� `@nTpyV�o;pMitlcmuikrtr�nQmuqsh ito[iklSo�m;h;{Sj¬X%lcm;X%v � ikmuVÓn � �1U�� � VSikpyV1iko[h;X%nTvÓqs{Am��c�ÓnTl�
F�È¿�nTlAv
n�UC�È¿��

�%b



�=it�s{Sh�X��s� T ÆEpyVAX%j�nxmuikp�}EikX � qT�=m;VSX��]r~muhun�UWVSikl1¿#VwnTj��gX%hM�

�� �� � 45,6:��v&!0�� "��3, ���~7;4
UWVSX�muhunxpy¢�iklS��pyVwnTj��gX%hWiko�nTrto�q�pOnTrkrtXMv�� �]r~muhun�UWVAitl1¿#VwnTj��gX%h��1¶ �]Uª¿ · � � VSitpyV�itoWrkqEp%nxmuXMvt��{So�m
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��a1rtn��TX%h�o>qT�#fSr�nTo´muikp�o�p%itlcm;itrtrtnxmuqTh;o%�Cnx�%itj>{AmuVwnxrtrk��o;XM�sj�XMlcmuX%v�iklcmuq��xb�o�X%pMm;qsh;o�¶�o;XMXQ�Kik�s{Sh�X1�Ë� · �
¿#qslc}sX%lcm;itqslwnxrtrk�T�
muVSX��xb­o�X%pMm;qsh;o¬nTh�X��sh;qT{Sf XMv iklcmuq­» ¶�o�X%pMm;qsh;oÓ�M^ bS��LË^ ¹ � aQ^y�Ë���W��®Q^y�O»A���Ë�Ë^´�x�A�
�E�M^´�Qb · �gn¡�sh�qs{Sf1qT�
b�o�X%pMm;qsh;o�itoªpOnTrkrtX%v1n¡�sVAXed�mynTlcm;�S�]UWVAX�o;pMitlcmuikrtr�nQmuqsh�oWqT�@r�nO�sXMh;o��Ë^y� ¹ VwnO}sX�n
muVSikpy¢�lAX%o;o
qx�=�T��as� L]p%j nTlSv�n�rkX%lS�Tm;V�qT�«� ¹ �ªp%j��KUWVSX[o�p%ikl|m;itrkr�nxm;qsh;o«qT� r�nO�TX%h[��a�VSn�}TX�n]muVAitpy¢|lSX%o�o
qT�W�>pMj��gmuVSiko]rtnO�sX%h]itoªj¡nxitlSr~��{So;XMv�muq¬}sXMm;q�pyVwnTh��sX%v�fSnTh�m;itp%rkX%o � ikm;V�rtqTlS�¡h;nTlS�sX)�|��h�X%z|{Sith�itlS�
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Downstream view of Range Stack
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p%qsj¬X¡muq	h�X%o´m�itl7m;VSX U Æg�6�
itqslSo � ikmuV �T�s���1X�F �! p%nTl,fSh;qTfwnT�cnxm;X�itlcm;q�fSr�nxo�muikp�o;pMitlcmuikrtrtnxmuqsh�o�|�Àh;qs{S�TVSrk�Çbc�	p%j��ÀUWVSX�muqxmynTr3hunTvSitnTr3m;VSitpy¢|lSXMo;o¬qT�ªmuVSX U Æ�nTlSv,mynTh��sXMm�iko�b L�p%j���
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muVSX¬o;p%nxm;m;X%h;XMv�fwnTh´muitpMrtX¬nTlSv¥muVSX¬��qsh;jÍ��nxpMmuqTh)qT�#muVSX�l�{Ap%rtXM{So � bc� �É����nxvSh;qslAitp¬itlcmuXMhunTpemuitqTlSo)qx�
f qso�ikm;ik}sXMrk�¡pyVwnTh;�TX%v�fSikqslSoªitlÓmuVSX£fSrtnTo�m;itpÈo;pMitlcmuikrtr�nQmuqsh�oWnTh;X£pOnxrtp%{Ar�nxm;X%v�{So;iklS�¡n¬p%qsj>�SitlwnQmuitqTl�qx�
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UWVSX]nO}sXMhunT�sX�muikj�XWqx� m;VSXªm;hunTpy¢>p%qs{Slcm;X%h;o3ito
vSX^�wlAX%v­nTo�muVSX)�Tmuh;nTpy¢�muikj�XM�S�[UWVSX�pMqs{SlcmuXMh�ikl1muVAX>qs{Am;X%h�j�qso´m�rtnO�sX%h�nTlSv�muVSX)j�qso´m�pMrtq�py¢ � ito;X
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muq�muVAXÓmunTh;�TXMm�m;q¥vAXMmuXMh;j¬itlSX�muVSX�munTh;�sXemJ�w�gX%h;o�m;Vwnxm��gX%rkqslS��muq	m;VSX�muh;nTpy¢³¶�fSitqsl��S� XMh;o · nTlAv
muVSX�¢QnTqsl­vSXMpOnO�	}sXMh�muX d �x�=nxm;m;X%h;l¥h;XMp%qs�TlSikm;itqsl	ikl�muVSX�mynxh;�sXem)iko�p%qslAvS{SpMm;X%v­muq�vSXMm;X%h�j�iklSX�muVSX
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 iklÇmuVAX��#" � vSXMpOnO�Çito£XM}sXMlSrk�ÇvSiko�muh�it�S{EmuX%vitl�m;VSX�h;XM�sitqsl	�T�A��� ¸ �
�
¸ �T� LE�¯®��1X F>� UWVSX�� " � XM}TX%lcmuoÈVwnO}sX��gX%XMl	h;X%j¬q�}sXMvÇ�c�	nxl	qslSrtiklSXfSVSqTm;qsl�}TXMmuq�ikl�m;VSX]m;h;it�T�sX%hM�KUWVSX�qTlSrtiklSX�h;X)��XMpMm;itqsl�nx�cnTitlAo�m3�#" � XM}TX%lcmuoWiko3qsl�muVSX]qsh;vSXMh#qT����� H �
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UWVAX)vw` � v�d�p%{AmªitlÓmuVAX)Y3bx�ªqEvSqTo;p%qTf XÈh;XMz|{Sith�X%o�muVwnxm�m;VSXÈX%lSXMh;�T�ÓvSXMf qTo;ikmªqT��nTlÓitlSpMqsj¬itlS�
� X%nTj(fSnTh�m;itp%rkX>iko�p%qslAo;ito´muXMl|m � i~muV�m;Vwnxm�qT�
m;VSX�¢QnTqslSoM�)UWVAX�}sX%rkqEpMikm9�1qT�@¢QnTqslSoM� � VSqso�X�X%lSXMh;�T�
rtqso�o>itlÀm;VSX�vSXM�shunxvSX%h�iko>r�nxh;�sXx��ito ���Í�A� Ls�E� � VAitrtX�muVwnxm>qT�ªfSitqTlSo�ito ��� �E��ac�q� bc®�� �¥ÔÈnTqslSo
¶�fSikqslSo · muVSXMh;Xe��qsh;X�vAX%fgqso;i~m�r�nxh;�sX¡¶�o�j¡nTrkr · X%lAX%h;�TitX%o�itl�m;VSX�Y#b �ªqEvAqso;pMqsf Xx��UWVSX�vw` � v�d�ikl�muVSX
Y#b~�ªqEvAqso;pMqsf Xªito@o�VSq � l�itl �Kit�T{Sh;X]�xbS�K`�}sX%lcm;oWnTh;Xªh;XMz|{Sith�X%v�m;q)o;nxmuiko�� ��m;VSX�Y3b>vw` � vEd¬�Th;XOnQmuX%h
muVwnTl7�s� ¹ L¡�1X�F��_UWVAX�fSitqTl�XM}TX%lcmuo�ikl1m;VSX>fgXOnT¢�qT��m;VSX�\CnTlSvSnT{�vSiko�muh�it�S{EmuitqTl�nTh�X)h�X%j¬q�}sX%v	�c�
muVSikoWp%{Am%�
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muhunxpy¢�muikj�X�vSXMm;X%h;j¬itlAX%v��c��muVAX U Æ �AUWVSXÈUC�È¿³m;itj¬X%o[j¬XOnTo�{Sh;XMvÓ�|��� qTm;V�muVSX >�X nxlSv�muVSX > "
nTh;Xª{So;XMv�muq)p%qsj¬fwnTh�X � ikm;V�m;VSX]m;hunTpy¢�muikj�X�vSXemuXMh;j¬itlSXMv��c�¬m;VSX U Æ �E`�}sX%lcm;o�nTh;Xªh;X ��X%pMm;X%v�i~� muVSXmuitj¬itlA�¬pMqslSo�ito�m;X%lSpe��iko]qT�So;XMh�}sXMv	muq¡�gX � i~muVSikl	°£�xlSoM�F�Kik�s{Sh�X�� L�o;VSq � muVAX>o;iklS�srkX£¢QnTqTl�� X%nTj
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�Kit�s{Ah;X)�xb/TWvw` � v�d�ikl1m;VSX�Y#bQ�]q�vSqso;pMqsfgX)��qshª� X%nTj ¢QnTqslSo�¶�vwnTo�VSX%v · nTlSv1fSitqslAo�¶�o�qsrtikv · �WUWVAX
¢xnxqslÀXM}TX%lcmuo¬nTh�X¡vSXMh;i~}sX%vÀ��h�qsj muVSX¡o�muqTfSf XMv�¢QnTqsl�XM}TX%lcmuo�ikl7muVAX�� � � muh�it�s�sXMh)vSnxmyn�nxlSvÀmuVSXfSitqsl1XM}TX%lcmuo£nTh�X)��h;qTj �
ikqsl­ÆEp%nxm;m;X%h;iklS�¡Xe}sXMl|m;oÈitl1m;VSX ¦«§=©§ ¶´� · muh;ik�s�sXMh]vwnQmynA��`
}TX%lcmuo � i~muV�Y3b
vw` � vEdÓrkX%o;oWm;VwnTl¥�s� ¹ L¬��X F nTh;XÈh�X)��X%pemuXMv �
o;it�TlwnTrwitlAvSitp%nxmuXMv��c��muVAX�� � � j¬qslSi~muqsh�nTlSv�m;VSX ¦ � §=©§ m;h;ik�s�sX%h�o%��ÆEitlSpMXªm;VSXªVSit�sV¬itlAp%qsj¬itlS��¢QnTqTl� X%nTj!ikl|m;X%lSo�ikm9��p%nTlÓpOnT{Ao;X£n�UC�È¿ fSikrtX ^9{Sf�fSh�qs�SrkX%j��EmuVAX>¿W¿�� muikj�XMo�nTlSv�muVAX�UC�È¿ muh;nTitrkitlS�Q^
X%vS�sXÈmuikj�XMo�fSh;q�}�itvSXMv��c�ÓmuVSX �¿#X%h�X%lS¢xq�}�p%qT{SlcmuX%h�o�nTh�X>nxrto;q¬{So�X%v�m;q¡vSq�muVSX)ounTj¬XÈp%qsj¬fwnTh�ito�itqsl
� ikmuV muVSX�muhunxpy¢ m;itj¬XT� `�}TX%lcmuoÓnTh�X�h;X ��X%pemuX%v³i~��muVAX­¿W¿��Ímuitj¬X%o¬qT��m;VSX �¿#X%h�X%lS¢xq�}³p%qs{Al|m;X%h�o
qsh£m;VSX¬UC�È¿ muhunxitrtiklS�x^ X%vS�sX)muitj¬X%o£qT� > "�nxh;X¡pMqslSo�ito�m;X%lcm � i~muV¥muVSX¬muhunxpy¢­m;itj¬X%o � ikm;VSitl7°£�xlSo%�� qTh]muVAX�UC�È¿ muhunxitrtiklS�x^ X%vS�sX�m;itj¬X%o�qx� >�X �_m;VSX>muikj�iklS� � itlSvSq � o�}xnTh´�1��h�qsj(°)�xlAo�muqÓ°È®A� LxlSo%�
vSX%fgX%lSvAitlS�£qsl�muVSX�rtXMlS�Tm;V�qT� ¢QnTqsl¬vSX%p%nO�¬m;itj¬X[vSXemuX%h�j�iklSX%v¬�c��muVSXWmunTh;�sXem��w� XMh;oM�
UWVSX]h�X)��XMpMmuXMv
muitj¬itlA�>h;XM�sitqTlSo[��qsh[muVAX ¦ � §=©§ muh�it�s�sXMh;oWvSq�lSqxm�o;VSq � XMikm;VSX%h�n�� � � j�qsj¬X%lcm;{Sj!fgXOnT¢�qsh�n��#" �j�qsj¬X%lcm;{Sj fgXOnT¢ �WitlAvSitp%nxmuiklS��muVwnQm�m;VSX1pMqsh;h�X%o�f qslAvSitlS�ÇXM}TX%lcmuo�nxh;X�lSqTm�o;itlA�srtX ^9¢QnTqsl,�gXOnTj¬o%�
 p%rtqTo;X­rtq�qs¢ itlcmuqÀm;VSX­XM}sXMlcmuo�h�X)��XMpMmuXMv �c� >�X m;itj¬X%o�p%qTl|munTitlAoÓnTrtj¬qso�m�X%z|{wnTrÈnTj¬qs{Slcm;o�qx�
o;itlA�srtXW�gXOnTj �wnTpy¢|�sh;qT{SlSv�nxlSv�vAqs{S�SrkXW� X%nTj5�wnTpy¢|�sh�qs{SlSv � � VSikrtX[muVAXªo�itlS�TrtXW�gXOnTj �SnTpy¢|�sh;qs{AlSv
itlSpMh;XOnxo;XÈmuq�nT� qT{Am��T�c¾!itlÓmuVAX)Xe}sX%lcm;o�h;X ��X%pMm;X%v��c� > "�muikj�XMo%�[ÆEitlSpMX£m;VSX)Y�� � ¿ pOnTl1fSh;q�}�itvSX
muitj¬itlA��j�X%nTo;{Sh�X%j¬X%lcm���qThªm;VSX)iklSp%qTj�iklS��� X%nTj1�wm;VSX)m;itj¬X%oW��h;qsj��gqTm;V1m � q�pyVwnTj��gX%h�o�nTh�X>nxrto;q
p%qsj¬fwnTh�X%vÓmuq�muVSXÈmuh;nTpy¢�muikj�X�m;q�o;X%X)ik�«muVSXe��nTh;X � i~muVSiklÓm;VSX�muikj�iklS� � itlSvAq � oªqT��°ÈbA� LxlAo%�#UWVAX
UC�È¿ m;itj¬X>nxlSv�muVSX�¿W¿��5m;itj¬X)j¬XOnxo;{Sh�X%v	�c�1m;VSX�Y#b��ªqEvAqso;pMqsf X�nTh;X>nTrto�q�p%qsj¬fwnTh�X%v�m;q�muVSX
muhunxpy¢¡muikj�Xx�@`
}TX%lcmuo�nTh;XÈh�X)��X%pemuXMv�ik�«muVAX)nO}TX%hunx�sX)UC�È¿³muikj�X�qx��VSi~m�j�q�vS{SrkX%o[iko � i~muVSikl�°)��� LxlAo
qT�#m;VSX¬m;hunTpy¢	m;itj¬XT�Cqsh�muVSX�muVAX¡nO}sXMhunT�TX�¿W¿�� m;itj¬X�qT�WVSi~mÈj�q�vS{SrkX%oÈito � ikm;VSitl7°��s� LQlSo)qx�[muVSX
muhunxpy¢Óm;itj¬XT�WUWVSX�¿W¿�� fS{Srto�X>o�VwnTfgX>h;XMp%qsh�X%v	�c�ÓmuVSX>Y#b �ªqEvSqTo;p%qTf X)itoC�Sm;m;X%v � i~muV	n¬vSqs{S�SrkXe^
fS{Srto�X�nxo;o;{Aj�fAm;itqsl_�
`�}sX%lcm;o�nTh;X]h;X)��XMpMm;X%v�ik� n)o�it�slwnQmu{Sh�X]qT� vSqs{S�SrkX�fS{Arto;XMo[nTlAv¡muVSXªmuikj�XW��qsh@muVSX
p%qsh�h;X%o�f qTlSvSitlA�¬o�X%pMqslSv�fA{Srto�X)nx�sh;XMX%o � ikm;VÓm;VSX�muh;nTpy¢�muikj�X � i~muVSikl�°£®E� LxlAo%�
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itl>m;VSXWY#b9�ªqEvAqso;pMqsf X£¶�Y#b�vw` � v�d · �smuVSX#X%lSXMh;�T�>vSX%fgqso;i~muo�ikl>muVAX#mynTh��sXMmW¶ � XW· nTlAv>muVSXWo´muqsfAfSitlS�
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�Kit�s{Ah;XW��LwT=UWVAXªj¬qsj¬X%lcmu{Aj qT�gpyVwnxh;�sXMv�fwnxh�muikp%rkX3}sXMh;{So@muVAXWUC�È¿�m;itj¬X#�si~}sX%l��c��m;VSX �¿#X%h�X%lS¢xqË}
p%qs{Slcm;X%h;oWh�X%rtnxmui~}sX]m;q�muVwnQmW�sik}TX%l��c�¡m;VSX U Æ �S� � � j¬qslSi~muqsh ito[{Ao;X%v���qsh#h;X%fAh;X%o�X%lcmuiklS��muVSX�o;itlA�srtX¢xnxqsl��gXOnTj XM}TX%lcmuoªnTo[o�VSq � lÓitl�n · nTlSv�� · �
UWVSX�pMqsh;h�X%o;fgqslSvAitlS��fArtqTm;o3��qsh#m;VSX�Xe}sX%lcm;oWitl ¦ � §=©§
muh;ik�s�sXMh;o�nxh;X�o;VAq � l itl�p · nTlSv,v · �7UWVSXÓnxh;h;q � o�iklSvSitp%nxmuX�muVSX�h�X)��X%pemuXMv m;itj¬itlS��h;XM�sitqslAo � ikmuV
� X%nTj �wnTpy¢|�sh;qT{SlSv�p%qTl|munTj¬itlwnxm;itqsl_�=UWVSX�o�mynQmuito´muikp%o itl�m;VSX%o�X�fSrkqTmuo ��qsh ¦¨�¨§=©§ muh�it�s�TX%h;o3nTpMp%qs{Slcm;o
��qsh�nT�gqs{Amª�A�~�Ë¾ qx�=m;qTmynTr_¢xnxqsl GS{Ed �
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muVSXª¢QnTqsl¬pOnTl�� X � XMrtr j¬XOnTo�{Sh;XMv¡�c��muVSX�mynxh;�sXem[nTlAv�p%nTl¡qslArk���gX]vAX%h;i~}sXMv��c��Xed�muh;nTf qTr�nxm;itlS�
muVSX �ªUª¿³m;hunTpy¢�muq)muVSX�vSXMpOnO�¡}TX%h´muXed�{So;iklS��muVAX]d|^ ��f qso�ikm;itqsl�j�X%nTo;{Sh�j�XMlcmWitl¡m;VSX�munTh;�sXemO��UWVAX
o�muqTfSfSitlA�]� f qTo;ikm;itqslAo ��qshCo;pOnQm;muXMh;XMv�fSitqTlSo«nTlSv>¢QnTqTlSo=vAX%pOnO��itlA��itl Gwik�sVcm=h�X%fSh�X%o�X%lcmKm;VSX3fgqso�ikmuikqslSo
� VSX%h�X>muVSX>o;pOnQm;muXMh;iklS��nTlSv�vSX%p%n��c^ itlE^sGwit�sVcm]qEpMp%{ShM��UWVSXMh;XM��qTh;XT�_qslSX � ikrtrCXedEfgX%pem�muVwnxm]muVSX)fwnxm;V
rtX%lA�TmuV � itrkrAvSikounT�sh�X%X � ikm;V¡nÈlSqsh�j¡nTrAo�muqTfSf XMv¡¢QnTqsl¬itl�muVAX�munTh;�TXMmO�.
ºrkit¢TXMrtikVSqEq�v�iko pMqslSo´muh;{ApMmuXMv
�|�­m;VSX%o�X�muVAh;X%X�z|{wnTlcmui~muitXMo£m;q�o�X%fwnTh;nxmuX¬muVSX¬o�m;qsfSfgX%vÀ¢QnTqTlSo)��h�qsjÍmuVSX¬qTm;VSX%h£� X%nTj fwnTh´muitpMrtXMo%�
UWVSX�rkit¢TXMrtikVSqEq�v�}xnTrt{AX%o3��qTh3o´muqsfSfgX%v¡¢xnxqslSo[nxlSv¡o�pOnxm�muX%h�X%v�fSikqslSo3nTh;X]o;VSq � l�iklQ�Kik�s{Sh;X]�T»E��UWVSito
p%{Am]h;XMz�{Aith;XMo]m;Vwnxm]XM}sXMlcmuo�o;VAqs{Srtv1VwnO}sX>m;VSX£rtit¢xX%rkitVSq�qEv�}xnTrk{SX£�sh;X%nxmuXMhªm;VwnTl­�E��� m�nTrko;q¬h;X%z|{Sikh;XMo
muVwnxm[n)o´muqsfSfgX%v�¢QnTqTl�o;VSqT{Srtv�VSn�}TXÈnTl�XMlSX%h��T�¡�Th;XOnQmuX%h muVwnxlÓ� L��1X�F/nTlSv�muVSX]l�{Aj�� XMh[qT�¨¢QnTqTl�w� XMh;o��sh�XOnxm;X%hWmuVwnxl����
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muVSX�m;itj¬itlS�1qT�]m;VSXQ�wh�o�m¬fS{Srko;X�qs�AmunTitlAX%v,�c�7muVAX�UC� ¶�h�XM��XMh;h;XMv�muq¥nTo�UC� fSitqslÀm;itj¬X · iko�lSqTm
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f qso�ikm;h;qsl�qTh;it�Titlwnxm;itlS����h�qsj m;VSX J �Ç¤ ��� vAX%pOnO�T�£UWVAX�f qso�ikm;h;qsl���h�qsj�muVSX J �7¤ ��� vSX%p%nO�	ito
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n�}TX%h;nT�sX�muikj�X]qT�CmuVSX�VAikmuoWikl¡muVAX�p%rt{Ao�muXMhWito[pMqsitlAp%itvAX%lcm£¶ � i~muVSikl�°)���¯b�lSo · � ikm;VÓm;VSX�muikj�X]qT�CmuVSX
muVSikh;v¡fA{Srto�X]ikl�muVAX�o�m;qsfSfSiklS�>pMqs{SlcmuXMhWnTlSv�muVSX]��fgqso;i~muitqTlSo@qT� muVAX�VSi~muo itl�m;VSX�pMrt{So´muXMh%�AqT�AmynTiklSX%v
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UWVSX�ÆEiklS�srkX)Y3XOnTj �wnTpy¢|�sh�qs{SlSv	iklSp%rk{SvSXMo�XM}TX%lcmuo�itl � VAitpyV��gXOnTj fSikqslSoªo;p%nxm;m;X%h�ikl�m;VSX)munTh;�sXemO�
nTlSv�XM}sXMlcmuo�ikl � VSitpyV1� X%nTj ¢QnTqslSo�vSXMpOnO��itl Gwik�sVcm�itlÓmuVSX�mynxh;�sXemO��� m]ikoWlSqTm;X%v1m;VwnxmWm;VSX)Xe}sXMl|m;o
itl � VSitpyV³� � vSX%p%n��c^ itlE^sGwit�sVcm;o�q�p%pM{Sh¡�gXMm � X%XMl muVSX �¿#X%h;XMlS¢Tq�}Êp%qs{Slcm;X%h�nxlSvÊmynxh;�sXem�nTh�X�nxrto;q
itlSpMrt{SvSXMv�itl�muVSiko�m9�EfgXªqT� �wnxpy¢��Th;qs{SlAv �6�9l��gqTm;V�p%nTo;XMo3muVAXªiklSp%qTj�iklS��fwnTh´muitpMrtXMo
o;pOnQm;muXMh3qTh vAX%pOnO�
itj¬j�XMvSi�nxm;X%r~�¥nx� muXMh�m;VSXM�,XMlcmuX%h�muVAXÓmunTh;�TXMmO�,UWVSX ��XMr�nO�sXMv³¿#qsiklSp%ikvSX%lSpMX1¿#{Amuo�pOnxl muVAX%h;Xe��qsh;X
o;{SfSfAh;X%o�o£m;VSX�ÆEitlA�srtX�Y3XOnTjÍ�SnTpy¢|�sh;qs{AlSv ���1qsh�X%q�}sXMh%�CmuVSX�UWitj¬itlA�Ó¿#{Amuo£itl�m;VSX�� X%nTjÍiklSo�m;h;{E^
j�XMl|munxmuikqsl�o;{SfAfSh;XMo;o#m;VSX�ÆEiklS�srkX�Y#XOnTj5�SnTpy¢|�sh;qs{AlSv �Ao�itlSpMXªm;VSX�muitj¬X%o nTh�X]X dEf XMpMmuXMv�muq£� Xªp%rkqso;X
muqÈmuVSX�muh;nTpy¢�muitj¬XWj¬XOnTo�{Sh;XMv¡itl�muVAX U Æ �|vS{SX�muqÈmuVSXªfSh�qsj�fEm3o�pOnxm�muXMh;itlA�>qsh@vSXMpOnO��itlS�S�
UWVAXªm � qp%{Am;o£��qshÈmuVAX¡Y#i~��{Sh;p%nxmuikqsl¥nTh;X�muVAXx��XMr�nO�sXMv�¿#qsiklSp%ikvSX%lSpMX�¿#{Emuo�nxlSvÇm;VSX�UWikj�iklS�1¿#{Amuo)itl­muVSX
� X%nTj itlAo�muh�{Sj¬X%lcmynxm;itqsl_�
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XM}sXMlcmuo£ito�lSXM�srtik�sit�Sr~�Óo;j�nTrtr=p%qsj¬fwnTh�X%v	muq�m;VwnxmÈqT� muVAX �@ikqslÇÆEpOnQm;muXMh;iklS��XM}TX%lcmuoM��UWVSX���XMr�nO�sXMv
¿#qsitlSpMitvSXMlSp%XÈh�X)��X%pemuikqslÓitoWo;{Aj�j�nTh;ik�%XMv�ikl�UKnx�SrtX£aA�
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VSqTmuqTl F@XMm;q�¿#{Am;o�nTlAv1muVAX ¦ � ¤ J¨� ¤ � � ��X%p%n���ÆEXMz|{SX%lSpMX�¿#{Am;o
nTh;X¡nTfSfSrkitX%vÇmuq�o�{SfSfSh�X%o;o�m;VSX��#" � �
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UWVSXJ��qs{S�ArtX)Y#XOnTj �wnxpy¢��Th;qs{SlAv¥pMqslSo�ito�m;o�qT�@Xe}sXMl|m;o � ikmuV1Xed�muh;n��	� � o�qsh ¦ � � o�itl�nTvSvSi~muitqTl1muqmuVSX¡�	� � o£muVwnQm�p%qTj�X�nxmo�wh;o´mO��UWVAX¡Xed�m;hun	�	� Xe}sXMl|m;o�¶É� g � XM}TX%lcmuo · nTh;X�muVSqTo;X�ikl � VSikpyV
muVSX �wh�o�m�� � � o�XMl|m;X%h�muVSX�munTh;�sXem�nTlSv�muVSXMl m;VSXÓo;X%pMqslSvÊ� � � o�vSXMpOnO�,itlqGwik�sVcm¡nxlSv fAh;q�vS{Sp%X¦ � � o%�­UWVSX�X dEm;hun ¦ �ÊXe}sXMl|m;o�¶�� g ¦ Xe}sX%lcm;o · nTh;X�muVSX�o;nTj¬X�nTo>m;VSX�� g � Xe}sX%lcm;o%�#X dEp%X%fEm
muVwnxm£muVAX ¦ � � o>iklSo�m;XOnTv7qT���	� � o>o�pOnxm�muX%h>itlÇm;VSX�munTh;�TXMmO�ÓUWVSXQ��X%r�nO�TX%v,¿#qsiklSp%ikvSX%lAp%X�¿#{Emuo>vAq
lSqTm � qsh�¢7qslÀm;VSX%o�X�XM}sXMlcmuo�� XMpOnT{Ao;X�muVAX�ÔÈnTqslq�Kik� XMh)m;itj¬X�¶�% XW· fSh�qEvA{Sp%XMv �c�ÇmuVSXx�Sh;o�m��	�
nTlSvÊm;VSX �
itqsl �Kit�gX%h¬muitj¬X7¶$% " · fSh;q�vS{SpMX%v³�c�Êm;VSX�o�X%p%qTlSv��	� qsh ¦ � nTh;X�{AlSh;XMr�nxm;X%v � UWVAX
UWitj¬itlS�¥¿#{Am;o�ikl�muVSXÓ�gXOnTj iklSo�m;h;{Sj¬X%lcmunxmuikqslº¶ÉÔÈnTqsl nTlSv �
itqsl �¿#X%h�X%lS¢xq�} ¿#qT{SlcmuX%h�o%��Y#X%nTj� ith;X)¿#Vwnxj�� XMh;o>¶ÉY�� � ¿#o · nTlSv1Y#bx�]q�vSqso;pMqsfgX · pOnTl�h;X ��X%pMm]muVSXo��qs{A�SrtX£Y#X%nTj��wnTpy¢|�sh�qs{SlSv �
o;itlAp%X[muVAX%ith=muitj¬itlA�so%�xik� h;XMp%qsh�vSX%v_�Enxh;XWp%qTh;h;XMr�nxm;X%v�m;qÈm;VSX[muh;nTpy¢)m;itj¬X[fSh�qEvS{Ap%X%v��c��m;VSXWXed�muh;nÈ� �
qsh ¦ � �¬UWVSX¡U=nTh��sXMmt�KnQm;muXMh;l U XMp%qs�slAikmuikqsl¥¿#{Am;o>nTh�X¬nTrto�q1nx�SrtX�muq��wlSv¥Xed�m;hun1fSnTh�m;itp%rkX%o�qTm;VSX%hmuVwnTl�m;VSXÈitlSi~mui�nxr_�	�­VSikm � VAX%lÓmuVSXÈ¢QnTqsl�p%rk{So�m;X%hWitoªnTfSnTh�mW��h�qsj m;VSXÈo;X%pMqslSv1fwnTh�m;itpMrtX�VSi~muoM�
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nTfSfSrkitX%vÀm;q	muVSX ¦«§=©§ ¶F� · muh�it�s�TX%h�o;nTj�fArtX�itl,qsh�vSX%h�m;q­h;X%j¬q�}sX1�#" � �[��{Sqsl nTlSvÊÆEitlS�TrtX�Y#X%nTj�wnTpy¢|�sh;qT{SlSvSoM�J�9l­m;VSX U X)��X%pemuikqsl¥Y#hunTlApyV �Co;qsj¬X�nTvSvSi~muikqslwnTr«o;Xemu{Sf¥p%{Am;oÈnTh;X�nxfSfSrtikX%v�m;q�o�X%rkX%pMmfSitqsl£muh;nTpy¢|o%�6��qs{A�SrtX Y#X%nTj Xe}sXMl|m;o@nTh;X o;XMrtXMpMmuXMv��c�>h�X%z|{Sith�itlS�ªVSi~muoKikl)m;VSX[Y#bF�]q�vSqso�p%qsfgX[nxm=muVSX
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Branching Ratio (10-10)
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Branching Ratio (10-10)
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